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(54) METHOD FOR HIGH STRAIN RATE REMOVING RLTER PROCESSING AND APPARATUS 
THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To form and display a strain 
rate signal by the filter processing corresponding to the 
tissue structure in a subject in response to a complex 
Doppler signal formed by an ultrasonic system (5). 
SOLUTION: Various combinations of some processing g"^-. 
techniques are used. These combinations include a 
removing means (103) for removing a high strain rate signal 
caused by reverberation and another noise source, a 

complex self- correlation means (91 X a speed signal 

A^4-:.^'^4-:^^ finn\ - i 1 ^j.,.-:- ..^^-^ ^r^^.^t 
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estimation means (104). a complex signal averaging means 
(106) and a real number signal averaging means (105). These 
techniques are used to form a color strain rate image to 
obtain a color image reduced in noise and improved in image 
quality. 
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bm^y ■fjui'mmmT (i o 3 > i^-th. 
itmm^i'-hm^<p<^y^ x^iSM-tttiibizy ■< 

-r^sefflMMa^^ (91) 

^^±!^-t^mmm^mmmmm^ ( 1 0 1 ) 
mmy ^ jui^mMLtzmmmA^mmimiz^Lx . v 

mm^mmmmi- (i 0 6 ) 

mm=f- ( 1 0 7 ) t . s^■s•^T'^^&l»^«l iBM<73ig 

(10 3) \,m%mmm^ismm^ti^t^{mn^t^^ 

[is^^4 ] frie«S¥^<b«ia5g^ ( 1 0 6 ) wiu 

[fS^«5 ] H5ie^gS¥J^'ft«^lg^ ( 1 0 6 ) Whu 

■rs, fg*3i2iei(i<^^m, 

i-zmm-r hmm.?*^\y - hWii^y ^ 11-9 ^mm^^ ( 1 0 

^ii^hm^^^ixxnK). mty -tjv-^^mmT ( 10 
3 ) iiimm^u- vm'^^<r>y^ X^^mthiiiib^z 

T. v vy'y- ■ i^yvi:mi^m.nm&mm^t:^ 
-fh^^mmmmf- {91) t. 
mmM^^mm^<,zm^Lx. mm.m^^^'^'th 
mjs.m'^mmmf- ( 1 0 2 ) 

frie)$S<i#tcJE^LT. y ^ i\^9^m\^X\<^t{:^m^ 

\^-v\mi:^m-hmiM^\y-hm^m'^ ( 1 0 
4 ) 



( 1 0 5 ) -Ca5-5T, H(iie¥%<LL^v;7 -f ;u 

( 1 05) i:, ^i^^x\,^hm»m 

BuiaM^?Si/XxA ( 5 ) CO— #;Yb^tgt LXm^T 
'ifhtL^ . it^JS 1 ^ ;t « 6 icidKcoiiiM. 

a. 

^ ( 1 0 3 ) (i. im&y -f/PrJ'MSLTti^t^S^^^U- 

li^, ^<ny ^ )V-^^m.Lx\^tf'^m^\^—hm^^-^ 

^ ( 1 0 3 ) ti. msiy ^ )V'^mELX\-^*j:\m^\y- 

^<r>y ^ )V9mmi-x\>^^\>^w^u-hm'^i^ 

mmzmts'hm(r)y ^ )v^vm\^x\^t{:^^m?^u-vm 
^<r>mm.x'hhmz^ ^a)y 'i)v-^^mLx^^^j:\m^ 

imim 1 2 ] miiw-^immm^ (105) (isuiB 
mim 1 3 ] BuiaTfe;-ft^aii^?- ( 1 0 5 ) {SHfrie 

hi^*7 -f /i^rJ'jifta (103) 5-iT^;^-f xrsr^r-r 

m^\^-vm^i±m-f:fimxh^x. msmm 
m.^mmmm.im'^w.-yXT-j^ ( 5 ) ^zi^-^x^iSi^ti 
tzmmv •vyy-m^ri)^t=m^^^ftx)i'o . mty 4 
)\^^9m (10 3) ^imm^u-vm^'^<^y^xt: 

him. 

1 5 ] mz^ mmm v -vy'y-imi,z'o\.^ 
X'^.&mwm (91) ^fi=oT. h'-yr^- • i^y h 

1 ) srffoT, m%m.mm.ih-mmm^^±mthxy-'y 

itl-ftSiia (10 6) SrffoT. ^i^-ftL-/c7 -r/U:?*!!® 
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u-h^mm (107) t:n-ox. mtm^^-^i^ 

(10 3) ino^^'r-yy'li. BMlS^^MAfflUgft^*^ 
Umm 1 7 ] HuiS^gfg^l^-fbJJOfJM ( 1 0 6 ) Sr^f 3 

[iijRjb 1 8 ] msmm^^it^ (i o e ) Srff 

;:^7^ yrt4, BiiiE7>f/l-:?3!0.giL7t1t3gS;^«ifflrem-f-Sr 
B$(as<){cT%•^t;•r•S;^7^•yrS:■t■^■C^^S, if3?:«l 5 

■^fc:-?V->TiSM^l/-hK?*:7 ^ Jills' mm (1 0 3 ) Sr 

fi=-?;?.-f-yr^rt-«>. ffi.J^P-hfi-^Sr^-r-i.:6-aT 

^^^i/Xr-A (5) IzX-yX^m.^h.fzmmv yy'y 

-m^i3'hm^tmtLXtdr>. miEy -t/v-:?^ ( i o 

m^m2oi mz. mmm\' yyy-mmz':>\^ 

B5iBit^aefflB8M#tcov>Tjisii^5!ia (102) 
pfieai^Kfi^toi'^T^s^^^-hft^ ( 1 04 ) S: 

wiMy ^ )i'^mmLfz^^i—hm^i>zr>\.^x^mt 

(10 5) i^-iX. ^i^tLtzy ^ )l-i^9mLtl^ih. 

i^-vm^i^^'thy^'r yyxhr.x^ friaT^-fkt 

-f )i'i>9mi-rz^?*-\^- vm^t^mMm^x^- 
^xh!b. y.7-/yt. s^■^^t■-v^-^,i«*^l 9ieKo 

tK m%mm.i^y~^j^ ( s ) <n-wvcmimh hx^ 

PeTCfifi^ix^, if5fJiil 4 4fct±l 9Cie«Sc7):^}S « 
[li*JS2 2] HUieS^^/^l^-hfS-^Sr^-r&Cli: 
mim^».i^:^^J^ ( 5 ) <0^ii#^«iff(c:ll«^r< 

'immm^t i^xm^ixt . is^js 1 4 1 9 icie 

(103) Srtf a Xf- yrii. fms.y Oi'SmkLX^.^ 



c^3'hi!it-$>^^-g-, ^<y>y ■<)i'i>9mLx\'^-^j:\m^u 
«i 9iB«io:S«. 

(103) 2:^t3;^x-y7-«. frie:? -f /l^^'SJ^LTV'' 

-\~m^^^fmfi^zmts'm(r>y ^)v^9mvx\'^^j:\^ 

•g., i»^:«i 9iSK<o:tra. 

[i«^2 5 ] mt^mmm (105) srffd^x 

■yr«, m%zy ^ )\^-^mmLfzm.?i-\^-vm^i'Sm^ 

^C¥ltYt;■r■i.XT■■y7•S:■^^T'^<^■g., lf^JS2 0iei5<7) 
[fS^lS 2 6 ] flulE^i^^b^Oa (10 5) ^'noy^y- 

{c¥^-^^:-r&x7^>yrs:-^^•cv^s. i«^)S2 0ia«j<o 

— 9- (20) 
A7*--7 (60) i:. 

*fefig-r-s.fap^i>'^--'i' (85) 

H yr^-JllSt v= (90) i: . 
;K 1 0 0 ) i: , 

mlBS^l— h<l^*>'o»#aiSitJtS;?i'^-hB®7 

V-M.^\'^m-h^?r--^yi^X^M. ( 1 60 ) S:* 

•rsgm^KffflM^«v-;^TA ( 5 ) . 
[i«*«2 8 ] mz. htzmiff-\^- v ■ f-- 

9m.^^^-f^i-zib<r>^^m'^'J^-)i^ (12 0)5- 
#ATV^Sa^2 7iB«<:0ig^*i^XxA (5) . 
[a««2 9 ] friB«* H -y 7-7-fi-^4. ■ffi^ffii 
(14 0) yr/Uji^ (141, 142) C^JEf 

F y 7*7- • y h(7)JgS§<7)fMDi$ii?'i7^-:5'<i 
^Xhh. i*«3S2 7ie«(?)S«jS>'X-r-t. (5) . 

[ If 3 0] m%mmn effl Wft-^ti f y r 7 - ■ 

i^y hSrat. (14 0) l^(7)-t>-y7Vl'^ 

(14 1. 14 2) tcMJiE LTV ^ I., it*5« 27 iB«J<7) 
JS^teS/Xf-A ( 5 ) . 

[fS^JS 3 1 } MifiM^l-— h -^K 1 0 
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immms 2 ] ■mm^\y-v9m't'J^-)v ( i o 

9mLX\^^j:\m^\y-Vm^^^\:3i,zm^'th. ff« 

{mm3 3 ] BuiBM^^i—hjafi^ >-'jz.-yu ( i o 
0 ) ti. mty >()v^9mi.x\^^^Km^\y-vit^(r) 
\^^irfit^t^f('^com.^\y-h^m(^m%\>zhh^m^. ^ 
cr>y ^ )v^9mLxy^^^^y.m^\y-vm^'k'^mm\izm 
tsA^mcoy >( )v^^mLx\^-^j:\^w^iy-vm^cr>m^SL 

(5) . 
[00 0 1] 

xy^Mzmth. x^^w-mzi^t. m'&<r>mmm^t. 
m^^xhmmmm^zm&Lfzm^V'-histTB.in rate) 

9mf^<^m(^m\.zim vtz j ^ x^m^^h^mmf 
mmzmth. 

[0 0 0 2] mm\L) (^'r^m^.z^ 

V ^Tti;. mmt^'^mmM(r>fz}^\>zmm<ry^^^^ v 

-V^m^^hZ,):L\iZmL-^Wo^o\zts:-yX%X\^ 

^it<^wi^ i^^h-h. m^u-h) ^mmm(,z(,:i.:^^ 
-i\:Lfz2<X7mmt LxmmiznLx-^mmzmm^ 

ti. ^<^*^^. m^tc^tmK/:^m^u-hi^zMm^Lx 

t. mmm-^^^yhtfzx->x^thxf,mmm'^if:< 
yhizmt^rt^ m^comm^^m ^n^^t izmm^ h 
^tti^m^t-\,z^j:->fz. ^fz. sm\>zn^hWiA^zm-:^ 

[0003] mmmm^u- hmmitco—mmi^i^L^m 
mzi5i,f^i>(7yxh^. m^u-hi^zxo. ^t^mcoifm 
Rxmmt^m:f} tcoi ^xcom.mm^--:>mm^j:s^i)m 
^tih . ^^co}z^-f)^i^^tmzri^-:>xmmtth ^ t 
izx-ox. ^tm<^mmzrti-:^fzmmmm^u- 

^zti^t. '\:MmcommRx/wmz-o\.^xcomm^^t 

m'wmcot'^-t^i^mmt't^ztizx-yx. 
Mtfzmm,^m^]y- hfmi,mmcr>m-^mi^irz-:^\^^x(o 



c7)ii$ . mmcommnt:h f>z-:>\,^xco^jmzmm ^ 

tihm^x'hh. m^u-hcommmz^y)^ m^mi^ 

^^(o^c.mmm(r>mm(fzmnmzm^^hti^^m^f)^h 
xm^^^$uz't^tis.^^i>. i<X7mMi.}x^ 

e= (L-Lo ) /Lo ( 1 ) 

x'^m^ttx. iM^^-it^msAjtcoi^^xm-t. 

[0005] 
[^1] 



[0006] ^m^^xm'tzt:b^x^^^ 
[0007] Mm^i^(^^}^.(r)mmy^:^mmxhhm 

[0008] 

[iit2] 



[0009] X^m^ti^. 

[0010] zti^<^^i^itfz. mm-t^^^yhcom^ 

^:/)^mi^Lx^^. t.fz. m^u-h^mxhi>m-^. 
'^i^^yhcr>M:^^m:}^-Lx\^i>. 

[00 11] m^ly-h:^m-^cr,ly'<^^UJ:K)iK^<^t 

^t. ^tiim^mm^ijcoxhh tM^^ti. %->x 
mmmmznm^^(r>m<7^y xm^zx xmm^ti 
h T-'f ^yr^hxhh. mmmm\HxcomwcoR 
%i\izx->xmm^ixh. n^Rx/ J ^ x{i^ ^<Dx^m 
mi^tzx^a-tcryvm^zmmLx . mmf^xm^^fih 

SJK^a2(velocity gradient) ^^S'^f rxt~ (Mf^ 

t^hh. ^n^j:mma/mmm(r)M-^\^z^^^xwuhm 

'^^^'t-mRv^m'S^^t-mx'^t. iEcr>m±Run(r>m±cr^^ 
$:^r^M^i— h(i>enm+3 . i4s-i^lk-i. 
iss'^xhhtWi^^ixx^-^h. ziixhcrmt. miw 
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[0012] J: oTM^lx- hcomi^i)^ 

[0013] Mtc. m.^mmtm^<^m^^^ii'^ t{R 
mm(r^±Tconw^^ rxb,^, / ( 2 d > v^h. z 
hiijE^^m^i-comi^zm-rh z t t-hh. 

[0 0 14] M.^l--hjt^tC*3tt-2>y>fXc7)ra1H$rft? 

ffl^JlJg-r-^tCOV^T^^ 'y^— (clutter) 7 

^mm\^x\^h. z<r^:HmtiZ\>m^^j:w\mt-hh . mi 

^z. '7^7 y^-' y A }V9\it^K^%x^W^'^mz}<. 

'm.<r>JMr:^t\^xwm^ixh. m2(,z^ imfj^-^fx^ 

±mmizis(ri-i> t^) . 9^ y^- ' y ^ ;u^i,m&m 
^^xM^iy-hmms<^^^^mi<^'± 

[0 0 15] ^B^#Torp^tcJ:>S 

[^¥^xm 1 ] ^mnf^me 099471 -^ti. m^i& 
^ ^-i^y^ifZ^(ff^m^(7)mmmmRuwfk<r>fzisb 

^mmmmmo 9/ a 3 2 0 e 1 -^^i. n^^m,^ 

■)jmRx/mm^nmtLx\^^^. 
[ooi6]fieoT. m^u-hmm^tiz^\^^xn^R 
v^'^com<^y-(XMizmm^^n±mm^m\'m^U'' 
h^y ^;i^^9mirzx^m^i'h:f3m^^imt^tix\.^ 

[00 17] 

-{E^izm^Lxmki^{HcomMi,zMmT^y ;Ui$^9St 

mLfzm^u-hm^-t:±^Lxmk^hm'^mzyx^ 
m^u-hm^iry ^jui$^mmifZj:om^'ttzt. m 

[0018] m^^iyx'rMzx -oxv-yro yy^n 
fziE'^i)-^m^u-hm^^^fS.Ly ^jut^mmLm^ 

Mj titi. mm^y-^xi^z^mLxmrni-^xo^im 



ry-mM^i^sL-zut. mms^^m. mmm^m 

[0 0 19] tfz. mwi&yy^r-Mzx-^x-^yy'jy 
y^fifzm^t-i^m.^u-hit^'k±WLLy ^/u^jaa 

coy^i xm^zi^mthmm^u-hm^^y 
izx^m^^hy^f^ yy-t. mmj^EMim. jMmm^m 

mmis-^w-i^it. Ri/mmiE^'^mt^^t^m-:>^^com 

[0020] ^^mco^^^commwmxi^i. y x^fg 

[002 1] 

n ^mxh 0 . i^wm-mmm\^zist->xmj^v- 

V ' ti'y-m\ti^^^^hfz^{zmM^Khr-^'=r9 

hxvK 1 Oil. mwT-^'Ti?^^i m^r- 
m<^h^yxr'^-^m^2 5xmfj^^ti^) v^yx 
3 Oh. mimAot. ^im^ot. t-A^^-v 

0^. M^^i^'^'Ja.-}V12 0i:^^h. m^T-^ 

T-^^^ 1 6 oi'±. m^mM'ti^jx-fi^i 3 at. ^- 

^ 1 5 0tS:^-r€>o 

[0022] 7n>'hx>'Kl 0(c^dI^T. Vyyy.f 

:p'm^3 0(^zm^^tixi^h. TXKX4 y^yym% 

3 0 (i:5I^Sl4 Oay^lib Sft^ 5 0 cr)7^ti t 
ilTV^^. Sfit5 5 0^0ffi:^ltit--A7^--e6 0tCtf 
U^ixX^-^h, b'-A7:r-v6 Oti^7t:3Mfttff4 0<7) 

5cr)X:htiztm^rLX\^^^. 

[00 23] ja!flT-^T*^^^7 0CCi3V^T. SW^ii 
fi^£>\x-;I/8 0tiK yy''y-mm'^'JjL-/U9 0 tm. 

^u-hm^'^i^y.-jui ooti,zmm^tix\^^i>. m 

-JjL—fUS 5 <:oa4::^ti: F -y yy—mM't i^j. -Ji^ 9 

0 <7:fA:hizmm^tix . K y r ^-jOfJi^ 

9 0^oa:J:;^7^i:M;^l/- N3^Jl^>' .x-7H 0 OcOA.tltC 

tsm^tix^^i>. m^i^—h^m'^'Ja.-jui oocoiii 
iii^iM^^m^ei^zL-ii^i 2 0coK:hifZtm^tiX\^^ 
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[0024] ^St^«s;«?>ib-7 U'-i.<^T--:$' >r u 
y^Xid^-r^h^. h^v;^^.^^^-^^ . 7-1/^ 2 0 

t.z(,±mmcom'f'2 5:^^mm^tih. mm<r>m^25i}-h 
b-Acox7"ru>^-:^JK^^^^'r-g.. '^mcofzish^zm 

ffl$il^h^>'XT^i-i^«^2 5c^iScti:. r.tr:5^-^-lf 

[0025] ^^mm^^^-j-^^^m-htz^^z. %m 

€>J^^<:?>.^.^|a.'^.fc'r^^^<t^cOff^Ob'-i.$r. - 
(^J;i(f . 14 5) tc?()':>7^c^^^® 1 4 0 m 

hb<7^^^m^^yy^-^^^m'hXo\fZ\L-J^yir--?e 

OtCf^^-r^. ^fL<^Oi^ftyN°^;<-^ti:b-A7 

'7 6 0:6^/^j^^i^4o^a^i^:>fL-g,. mm^Ao^tmit^^ 

LXhyyXr':^,-^ ■ TV A 2 

<r>\y^}VBXfW!&^^->X^^X . Vyy7.'f:x-—^-r 

2 0c7)fE-<?oh^>'XTJL— -»f*T2 3^i^^^ti 

mmth^ t (c J: ->xmmmz^9i(S^^tix\^:^ t 

14 5) tcSoT.^S^B 1 4 0 I^Tl^eif*:OM^|^gP 

]-yry-m'jtcom-^. mmimi^mmmzim 
h^vuxmMLmmi (prf) 



[00 26] hyy:^y'a.-V- ■ TU-^ 20(,±m-)T\^h 

lx>f 2 0<7)^W^i*LT^^«^;(>^^^JStt2tjc^L 

X. m^h^.^.lzhyyxr'^—^ ' Tly-( 20(,zmm 
-th. hyyX'fjL—^ T\y-i20cohyy:^'fj-— 

^m'F2 5mk:^mLmzm^Lx. m-:ffmm(om^ 

[0027] Sfim^fi^CiTXRX^f y^y^m^s 
OtriYLX^m^S 0^m^tli> . §CiS5 0(i:^iHt 

mm^nd. "f^'j^Mt^tifz^mm-^i^i^^c^hy 

y:^'fjL-^^2 5izJ:->xm^^j:mmz^mLfzik 
[ 0 0 2 8 ] -rV 'Ji^Mt^itfz^mm^(r±\z-J>^y ^ 

nmmmf^^z\,tmhzmm^Kfzm^m.^-2^co^jBa^ 

y^'rT'jyy'nmznm^^^. b-A:7:r-v6 0(j:. 

mm^j:^mm^t*z^m\^x^mmmmfm^^'^-> 

X. '^m^(r)mmmmncr>^^ mui. ias) i^z 

hyyxy'a,-'^m^25:b-^co^mm^(^{m. mm 
mf^4 ^ yymmtmm^fi^. 

[0029] S«b-Afi^(i:x >r 'J^)V • y^-y 
j:.-X \ 17i:irLX^mT-^'r^^^7 O^mi^ti 
mP^i^'^->'l-8 5ti^ftb-Afi^tCOV^TiIP 

sftb-AtcMfls-r-g^^s^ 1 4 

5 ) c7)^$C«J-:>/^-»f ^/r/W • .-KU ^-A ( 1 

4 1RX/142) (^zMm-t^Mco I ^It/^QmiiaT^-^ffl 
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